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Abstract 
Brain-Computer Interface (BCI) has already become a hot spot in recent years. The Steady State Visual Evoked 
Potential (SSVEP) is a very suitable input signal of BCI system because of its high information transfer rate and short 
training time. A novel method was presented in this paper to analyze the feature of SSVEP. A four-direction motion 
control system of ball moving on the computer screen was set up to test the performance of the proposed method. The 
system utilized wavelet packet technology to find the normalized powers of special sub-wavebands as feature vector 
for the linear classifier and then converted them to the control commands. The experimental results have proved 
comparing with conventional FFT method, the wavelet packet technology method can obtain the feature vector faster 
and the control accuracy can reach more than 83 percent. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1.Introduction 
Brain-computer interface (BCI) is an output channel communications system that not dependent on the 
normal peripheral nervous system and muscle tissue composition. [1] The steady state visual evoked 
potential (SSVEP) is a non-invasive and practical input signal of brain-Computer Interface (BCI) because 
of its high information transfer rate and short training time. [2][3] 
At present, feature extraction methods for the SSVEP mainly include the following method :(1) Fast 
Fourier transformation (FFT) . This is a traditional analysis method because the frequency spectrum of 
SSVEP includes a series of integral multiple frequencies of stimulus frequency and the spectral features 
can be easily computed using windowed Fourier transform of signal segment.[4]The disadvantage is that 
the accuracy of Fourier spectrum may depend on the amount of signal segment and the information 
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transmission rate is not very high. (2) Phase-Locking method. The reference paper [5] presents a method 
using the time-locking characteristics of SSVEP as a phase locking value. The experimental results show 
that the phase locking method is better than Fourier transforms for fast tracking of the stimulus frequency 
change. (3) Hilbert-Huang transformation (HHT). Paper [6] study the extraction method of SSVEP based 
on the HHT. After empirical mode decomposition and HHT, an eigenvector detected from the result of 
HHT was viewed as the characteristics of the SSVEP signal that contains different frequency component. 
This method is also better than FFT. 
This paper presented a novel method in to analyze the feature of SSVEP. The wavelet packet 
technology was used to find the normalized powers of special sub-wavebands as feature vector for the 
linear classifier and then converted them to the control commands. The experimental results have proved 
comparing with conventional FFT method, this method can obtain the feature vector faster and the 
classification accuracy can reach more than 83 percent.
2.The set-up of control system 
The BCI control system mainly included visual stimulator, digital EEG instrument (including EEG 
amplifier and acquisition) EEG processing unit and machine human interface on the computer screen. The 
block diagram is shown in Figure 1. 
Fig. 1.  The block diagram of the BCI system 
The vision stimulator composed of four white LEDs and each can be set at a corresponding frequency. 
The subject gazed at one of the LED. At the same time, EEG was recorded by the digital EEG instrument 
through Electrodes put on the occipital region of the brain. Then EEG processing was done and the results 
were encoded to the corresponding commands for ball moving. Machine human interface was a ball 
moving system. The ball in the animation area can move the four-direction of up, down, right and left and 
it should be controlled along the maze route, otherwise the game will be over. 
3.SSVEP  processing  
3.1.Wavelet packet transform 
Wavelet packet transform (WPT) is an extension of wavelet transform. The wavelet decomposition 
splits the original signal into two subspaces, V and W, V being the space that includes the low frequency 
information about the original signal and W includes the high frequency information. So WPT leads to a 
complete wavelet packet tree. WPT is widely used in the biomedical signal processing. This method 
decomposes the signal by binary tree. If the scale is 4, sub-waveband width is calculated as: 
               ( ) 5 5s1 2 2 , 1,2, ,16sn f f n f n− −− ≤ ≤ = L                                                                             (1)
Where fs is sampling frequency and n is the number of sub-waveband. When the scale is 4, 16 sub-
wavebands will be obtained after decomposition processing. But the four stimuli frequencies used in our 
control system are only included in some sub-wavebands, for example, the stimuli frequency of 7Hz is in 
the fourth sub-waveband, 10Hz in the third, 15Hz in the seventh and 20Hz in the sixth sub-waveband. 
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3.2. Formation of  SSVEP features  
In the control system, the normalized powers of special sub-wavebands were finally used as feature 
vector for the linear fisher classifier. The procedures for formation of  SSVEP features are as follows: 
z After pre-processing, EEG signal was decomposed by db40 wavelet packet in 4th scale. Then the    
coefficients of  the 16 sub-wavebands were recorded. 
z Reconstructing each sub-waveband according to the coefficients. Calculating power distribution of 
each band as formula (2).  
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Where, E4n was the power value of the number n sub-waveband in 4
th scale. Xnk was the wavelet 
packet coefficients of the nth sub-wavebands. 
z Calculating the power distribution of the non-evoked and the evoked EEG signals as the former 
two procedures defined. 
z Deriving the normalized power values. Assuming the non-evoked EEG power of the nth band was 
OE4n and the evoked EEG power of the n
th band was E4n. The n
th band normalized power value 
was defined as formula (3). 
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z Finding the normalized power values of the four stimuli frequencies. Getting the normalized 
power value of the four corresponding frequencies as feature vector X=[x1, x2, x3, x4]. 
z Making the feature vector X into linear fisher classifier to identify which class it belonged and 
deciding the corresponding ball moving command. 
4. Experiment and analysis 
4.1.The experiment 
 In our experiment, tenth subjects with normal sights participated (6 male and 4 female). Their average 
age was 23. During the experiment, subjects were seated in a comfortable chair, 50cm in front of the 
vision stimulator. They were asked to gaze at the flickering LEDs and control the ball on the computer 
screen to go along the maze route. The stimuli frequencies were set at 7Hz, 10Hz, 15Hz and 
20Hz.Electrodes were placed at O1 and O2 in line with international 10-20 system and the ears were 
reference potential. Signal sampling rate was 100Hz.The BCI control system recoded both the non-
evoked EEG signal and the evoked EEG signals. BCI system required high information transmission rate. 
Therefore, the system took the time window of 256 points width, and moved the window interval 50 
points. The data in the window was first pre-processed by de-noising and then processed by wavelet 
packet technology as described in the previous paragraph to obtain the normalized powers of 16 sub-
wavebands. Here we also employed original powers of EEG in order to eliminate the individual 
difference. Because SSVEP distributed in specific frequencies, finally we selected the four bands of 
stimuli frequency as feature vector (as 3.1 described). Then 30 samples were chosen to train the classifier, 
another 30 samples were selected to verify the accuracy of the system. 
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4.2.Comparing with FFT  
Comparing with the FFT, WPT includes multiple bases and different basis will improve the 
classification performance and cover the shortage of fixed time-frequency decomposition. In order to 
compare WPT with FFT method, a dataset of 2048 points, 256 points (about 2.5s) and even 128 points 
were chosen in the experiments to compare the feature extraction effect. The stimuli frequency was 
15Hz.Figure 2 and Figure 3 shows the typical results of the two methods.  
Fig.2.  FFT method of 2048,256,128 points (15Hz)                 Fig. 3. Wavelet packet method of of 2048,256,128 points (15Hz)
The figure 2 and figure 3 showed that the 2048 points dataset transformation of both methods could be 
seen obvious peak at 15Hz.But when the data points diminished, FFT method could not get the feature of 
15Hz very clearly by using dataset of 256 or 128 points. On the contrary, the power of the seventh sub-
waveband (including 15Hz) by wavelet packet method was always the biggest value among all the sub-
wavebands even using 128 points dataset. So wavelet packet technology could locate the peak feature of 
stimuli frequency more quickly and correctly. 
4.3.Experimental results and analysis  
The results of the fisher classification were converted to the corresponding control commands for the 
small ball moving along the maze route. If three successive results were the same, the system controlled 
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the motion of the ball moving. Table I shows the tenth subjects’ accuracy results of each control 
command. The stimuli frequencies of 7Hz,10Hz ,15 Hz and 20Hz separately represented the control 
command of’ up’, ’ down’, ’ left’ and ‘right’ .  
Table 1 .Accuracy results of each control command (%) 
Subjects Up Down Left Right 
HUD 90.0 83.3 87.6 86.7 
YPX(female) 86.7 93.3 93.3 83.3 
BY(female) 86.7 93.3 90.0 86.7 
LWD 90.0 83.3 90.0 90.0 
SH(female) 93.3 90.0 93.3 86.7 
MYZ 86.7 90.0 83.3 86.7 
XSJ 83.3 90.0 83.3 86.7 
LZ(female) 93.3 83.3 90.0 86.7 
WB 86.7 86.7 93.3 93.3 
SXL 90.0 90.0 93.3 96.6 
As can be seen in Table I , the system could work effectively and the accuracy rate was from 83.3% to 
96.6%.The results were mainly caused by individual difference. Some subjects did not do well perhaps 
because he was not sensitive to some frequency or did not get accustomed to the BCI system or did not 
watch the target earnestly. Besides, some stimuli frequencies were the double frequency of another 
stimuli frequency in our system and the classification results may be affected. 
5.Conclusion 
This paper utilized wavelet packet technology to find the normalized powers of special sub-wavebands 
as feature vector for the linear classifier .A four-direction motion control system of ball moving on the 
computer screen was set up to test the performance of the proposed method. The experimental results 
have proved the system can work effectively and the control accuracy can reach more than 83 percent.  
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